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Strokes, Transient Ischemic Attacks
and Asymptomatic Bruits
HERBERT 1. MACHLEDER, MD, Los Angeles

Research into noninvasive techniques for evaluating cerebrovascular insuffi-
ciency has shown that hemodynamically significant lesions can be identified
with considerable accuracy. Concurrently, recent descriptions of carefully
applied medical and surgical therapy indicate that thromboembolic stroke can
be effectively prevented when patients are allocated to the proper therapeutic
protocols. The approach of these two lines of basic investigation to the clinical
focal point of stroke control make it imperative that clinicians review the tools
at hand for identifying persons at high risk, as well as the available therapeutic
alternatives for effective stroke prevention.

THE POSITION OF STROKES as one of the major
public health problems facing Western civilization
is based on a foundation of awesome statistics.
There are more than 400,000 new cases of stroke
in the United States every year, and about 40
percent of the persons so afflicted will die within
30 days. Moreover, half of the survivors will be
totally disabled. In 1972 the annual cost to the
country was estimated at 6.2 billion dollars."2

In Europe there are more than 1 million new
cases of stroke each year, with a 30 percent mor-
tality as well as a 60 percent incidence of sub-
stantial disability among the survivors. In fact,
only 30 percent of the survivors ever return to
gainful employment. The World Health Organiza-
tion has estimated that there are 1 million persons
in Europe permanently disabled by a stroke, with
initial hospital care costing 7 billion dollars and
follow-up institutional care costing 500 million
dollars a year.'34

Success in addressing this problem depends on
a virtual revolution in our thinking about stroke.
Cerebral stroke is in many ways analogous to a
solar eclipse-a seemingly capricious and un-
heralded event only to the uninitiated. Although
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certainly not predictable with astronomical ac-
curacy, the inexorable progress of the atheroscle-
rotic plaque is accompanied by a constellation of
evolving signs and symptoms which offer an astute
clinician many opportunities to intercede, and in
contradistinction to a solar eclipse, prevent the
final statistically predictable event. Indeed, it is
crucial that clinicians not view stroke as an iso-
lated entity, or according to the anachronistic
description of "cerebral vascular accident," but
as one stage of disease progression in an orderly,
discernible, evolutionary process ranging from the
first appearance of the atherosclerotic plaque
through its early clinical manifestations such as
asymptomatic cervical bruits, attacks of transient
cerebral ischemia and then, finally, to the fixed
neurologic deficit of the completed stroke.

Although strokes are the resuilt of a somewhat
diverse group of etiologic diseases manifested by
a rather sudden, and for the most part irreversi-
ble, central neurologic deficit, most occur as a
consequence of progressive atherosclerotic dis-
ease. Of the entire population of patients admitted
to a hospital with a diagnosis of stroke, the condi-
tion in approximately 60 percent to 70 percent
of cases stems from infarction due to thrombo-
embolism, and in 20 percent from intracerebral
hemorrhage.4 In 5,184 men and women entered
into the Framingham study over 18 years, 78
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percent of the strokes that occurred were attribut-
able to thromboembolic disease, and of these ap-
proximately 2 percent had a known cardiac origin.
Subarachnoid hemorrhage preceded the stroke in
12 percent of the patients, and intracerebral
hemorrhage afflicted an additional 5 percent be-
fore the stroke. Moreover, 5 percent of the
strokes were attributable to various less common
illnesses.5

In 1919 Hunt suggested the relationship
between stroke and occlusive disease in the extra-
cranial cerebrovascular system.6 Subsequent epi-
demiologic studies substantiated these initial im-
pressions, ascribing approximately 60 percent of
all strokes to disease in the carotid and vertebral
vessels. Recognition and control of disease in this
region constitute the particular focus of this
review.

It must be appreciated at the outset that effec-
tive therapy of stroke depends on early recogni-
tion and prophylaxis. This caveat is readily as-
certained from the medical literature.7'8 Despite
two decades of effort at establishing effective
therapeutic measures once a stroke has occurred,
progress remains elusive. Consequently, the mor-
tality has not been altered during this period of
various treatment regimens.7-9 The natural history
and course of stroke have likewise remained re-
fractory to almost every therapeutic protocol.
When hemiplegia persists for 36 hours or more,
the possibility of permanent incapacitating deficit
is greater than 90 percent. At the end of seven
days about 40 percent of the surviving patients
will be neurologically stable, with another 35
percent of patients experiencing continuing neu-
rologic improvement.4'7
To reduce the dimensions of this awesome

problem, the first step is to recognize the popu-
lation at risk. These persons can be identified by
many of the stigmata of atherosclerotic disease.
Although it has not been clearly established
whether these distinguishing characteristics repre-
sent true risk factors or merely coincidental as-
sociated phenomena, they serve as useful markers;
their control produces well-documented salutary
effects, even though the precise role in stroke
prevention has not been positively identified.8"0-'2
Each risk factor will roughly double the incidence
of stroke for a similar-age but unafflicted cohort
in the general population,4 the most noteworthy
being arterial hypertension as evidenced by more
than 160/90 mm of mercury pressure. In the
Framingham study, however, hypertensive pa-

tients had a fourfold increase in stroke incidence
over the normotensive population.5 Radiological
evidence of cardiomegaly or electrocardiographic
indication of left ventricular hypertrophy or of
coronary artery disease will double the incidence
of stroke, as will the presence of congestive heart
failure, cardiac arrhythmia or atrial fibrillation.
Abnormal glucose tolerance test results, mani-
fested by a two-hour postprandial sugar determi-
nation higher than 160 mg per dl or a fasting
blood sugar greater than 120 mg per dl, are also
indicators. While control of these abnormalities
has become axiomatic in modern medicine, it
should be appreciated that the effect of control
on stroke incidence has yet to be proven."' There
is evidence, however, that control of these risk
factors serves to decelerate the atherosclerotic
process, and one would intuitively anticipate a
coincidental effect on the carotid atherosclerotic
occlusive process. In addition, such factors as
smoking, hyperlipidemia, diabetes, use of oral
contraceptives and stress all lead to increased
platelet aggregability which, as will be pointed
out, are specifically pertinent to the occurrence of
stroke. When any of these stigmata are encoun-
tered in a patient without symptoms of cerebro-
vascular disease, particular emphasis should be
focused on identifying an occult carotid lesion
that may be interfering with cerebrovascular
hemodynamics. Moreover, it is important to real-
ize that extracranial cerebrovascular disease can
progress up to and include total occlusion of the
internal carotid artery without symptomatic mani-
festations, until stroke occurs, seemingly without
premonitory warning. Although atherosclerosis is
appropriately considered a generalized disease
process, there are almost invariably specific sites
of predilection for stenotic lesions which give rise
to the varied symptom complexes.

Physical examination of every patient in the
high-risk group for stroke must give attention to
the cervical pulses and include a notation as to
the presence or absence of cervical bruits.

Cervical Pulses
Reduction in palpable pulse is a hallmark of

atherosclerotic occlusive disease in the carotid
system, and may often precede symptoms of
cerebrovascular insufficiency. Measurement of
blood pressure in both brachial arteries and pal-
pation of both common carotid arteries provide
valuable information about the integrity of the
origin of the great vessels arising from the aortic
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arch. Symmetrical blood pressure in the brachial
arteries with a weak right carotid pulse generally
indicates a lesion at the right common carotid
origin. A weak right carotid pulse associated with
an ipsilateral reduction in brachial artery pressure
signifies a lesion in the innominate artery. Con-
versely, a reduced right brachial artery pressure
with a normal right carotid pulse may serve to
attribute a loud asymptomatic bruit in the neck
to a subclavian lesion, with no concomitant ex-
tracranial cerebrovascular disease. Palpation of
the superficial temporal artery pulses is likewise
useful and a prominent enlarged superficial tem-
poral artery is often associated with an occluded
ipsilateral internal carotid artery, since the super-
ficial temporal artery is a common collateral
channel.'3'14

Although the enlargement of collateral vessels
as a consequence of atherosclerotic occlusive dis-
ease is generally a reliable indicator of vascular
occlusive pathologic conditions, a weak super-
ficial temporal artery pulse may help to identify
a lesion at the carotid bifurcation and explain a
perplexing cervical bruit. Of lesions that occur in
the carotid artery system, 5 percent will be iden-
tified by angiography at the aortic arch origin of
the common carotid artery and 90 percent will be
located at the common carotid artery bifurcation
in the neck; another 5 percent will be found in
that portion of the intracranial carotid artery re-
ferred to as the siphon. Surprisingly minor athero-
sclerotic disease is encountered elsewhere along
the carotid system, even in the face of advanced
occlusive lesions. Palpation of an abnormal pulse
should alert clinicians to the need for further
investigation.

Auscultation
Few findings on routine physical examination

cause more consternation than the asymptomatic
carotid bruit, yet it is a finding of consummate
importance. Much has been written concerning
the inaccuracy of interpreting the anatomic site
or meaning of the asymptomatic cervical bruit,
but a few careful maneuvers help immeasurably
to evaluate these abnormal sounds correctly.15
The exercise would be only academic, however,
were it not for the clinical value of recognizing
this physical finding. By stepwise auscultation,
the origin of a bruit can be reliably surmised.
Although it would be difficult to ascribe a bruit
at the angle of the jaw to internal carotid versus
external carotid arteries, identification of those

bruits transmitted from the aortic arch, or arising
from the vertebral or subclavian arteries, should
not prove insurmountable. Numerous attempts
have been made to correlate the cervical bruit
with subsequent angiographic findings, and while
significant stenotic lesions can te found angio-
graphically in 50 percent of patients with cervical
bruits, conversely it has been reported that ap-
proximately 20 percent of angiographically ob-
served stenotic lesions were not associated with
cervical bruits.'5 Nevertheless, the recognition of
a bruit is imperative, and in my experience it is
unlikely that a carotid bruit can be heard without
substantial pathology being identified angiographi-
cally. I am convinced that a careful clnician can
distinguish bruits with far better accuracy than
that reported in the medical literature, particularly
when the investigator's objective was to prove the
superiority of some other modality of assessment.
Bruits evolve concomitantly with their plaques:
from the soft, low-pitched, short-duration bruit of
the moderate stenosis, to the loud, rough, pro-
longed systolic bruit of the 70 percent to 80 per-
cent stenosis, to the higher-pitched, ever softer,
though protracted bruits lasting into diastole, with
an 80 percent to 90 percent stenosis. Finally they
become barely audible and then silent as the
stenosis increases beyond 95 percent.
A bruit is foreign to the neck, and when it is

heard there, its origin must be clarified. "Walking"
the stethoscope up the neck is the most useful
way of separating the aortic outflow murmurs
from carotid bruits. The carotid bifurcation bruit,
which is by far the most important, increases in
intensity as the angle of the mandible is ap-
proached. Bruits heard lateral to the sternocleido-
mastoid muscle at the root of the neck are usually
subclavian or vertebral in origin.
The significance of asymptomatic bruits has been

clarified by recent epidemiologic data. In studies
where careful attention has been directed towards
identifying bruits of cervical and, most note-
worthy, carotid origin, angiographic evaluation
has shown that 90 percent of asymptomatic bruits
auscultated at the carotid bifurcation arise from
the internal carotid artery and 10 percent from
the external carotid artery. In one group of 59
patients with asymptomatic cervical bruits fol-
lowed for up to eight years, 51 percent remained
asymptomatic, whereas in 25 percent transient
ischemic attacks occurred and in 24 percent there
were frank strokes. Eleven patients went on to
total internal carotid artery occlusion and in four
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among them the bruits disappeared when occlu-
sion occurred.16

Most of the patients in whom stroke developed
did not have antecedent transient ischemic at-
tacks. As a group, then, 49 percent of the patients
with asymptomatic carotid bruits had either tran-
sient ischemic attacks or frank strokes during a
rather brief follow-up period. Epidemiologic
studies such as this have indicated the consider-
able significance and stroke risk that accompany
an asymptomatic carotid bruit,18"7 but few studies
have been done on the chronologic progression of
cervical bruits or on the precise temporal evolu-
tion of an atherosclerotic carotid plaque. One
study, however, in which cases were followed by
serial angiograms, found that in 38 percent of
the patients there was no demonstrable change
in the size of the carotid atheromata, but in 12
percent there was a gradual increase in size;
moreover, in 35 percent of the lesions, the stenosis
increased at a rate faster than 25 percent per
year. 18,19

Debate continues on the meaning and accuracy
of asymptomatic cervical bruits, but no clinical
data have been generated. If a bruit is not heard,
nothing can be done about it; aside from recog-
nizing that occasionally substantial arterial disease
can exist in the absence of a bruit, agonizing over
it will not help. Because cerebrovascular insuf-
ficiency is marked by other indicators, the absence
of a bruit where it might be anticipated is interest-
ing but minimally important. If a bruit is present,
however, it represents an abnormal physical find-
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ing that requires further elucidation. Within this
cohort of patients, there are many in whom a
stroke eventually occurs, and in a considerable
number of these there will be a sudden stroke
without premonitory warning.'6 Inherent variation
in the accuracy of clinical examination, together
with the multiplicity of innocuous sources of cer-
vical bruits added to the potential morbidity from
aortic arch angiography, does not in my opinion
justify routine angiography in cases of asympto-
matic cervical bruits. Fortunately, noninvasive
tests that are accurate, safe and moderate in cost
enable clinicians to readily identify a hemody-
namically significant carotid lesion as a source of
the cervical bruit. These tests should be used in
every case of an asymptomatic cervical bruit or
an abnormal cervical pulse. If these tests are neg-
ative, reassessment should be done in the patient
at yearly intervals to ascertain possible progres-
sion of a nonocclusive carotid lesion. On the other
hand, if the test findings indicate a lesion of hemo-
dynamic significance in the carotid artery system,
then arteriography should be done in the patient,
even though no symptoms are present. If the non-
invasive test findings are positive, there is a 95
percent chance that hemodynamically significant
lesions will be identified in the internal carotid
artery system.

Noninvasive Cerebrovascular Tests
Although many promising tests have surfaced

only to be later rejected, several simple, safe, re-
liable tests have gained wide acceptance over a
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Figure 1.-A, Doppler flow meter evaluation of the supraorbital artery in the Doppler ophthalmic test; note the
normal wave tracing. B, With normal internal carotid artery flow, augmentation is seen on the Doppler tracing of
the supraorbital artery with digital compression of the superficial temporal artery. C, In the presence of hemody-
namically significant stenosis, or occlusion of the internal carotid artery, the Doppler flow tracing shows obliteration
of flow in the supraorbital artery upon digital compression of the superficial temporal artery.
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Figure 2.-Doppler ophthalmic test being carried out.

period of time. With wide clinical application has
come validation, not only under the scrutiny of
investigative laboratories but also under the rigors
of clinical use. Two tests that have earned the
widest application and validation in the medical
literature are the Doppler ophthalmic test and oc-
ulopneumoplethysmography.20 The Doppler oph-
thalmic test has been used in our laboratory since
1970.21,22 The method and clinical application
have been well-documented by us as well as by
other investigators.23'24 This simple procedure
depends on the identification of a prominent and
fairly consistent collateral arterial pathway be-
tween the external carotid artery and a hemo-
dynamically compromised internal carotid artery
(Figure 1). A small ultrasound flow probe iden-
tifies the supraorbital artery, and the changes in
its flow characteristics are noted subsequent to
digital occlusion of the superficial temporal artery
(Figure 2). Normally, supraorbital artery flow
will increase after this maneuver. With internal
carotid artery occlusive disease, however, flow is
reduced to a pronounced degree or absent. The
test is noted as being either positive (an abnormal
flow response) or negative (normal flow response).
The oculopneumoplethysmography test de-

scribed by Gee and co-workers directly records
the ophthalmic artery pulse from which ophthal-
mic artery blood pressure can be ascertained by
an analogue method.2527 Two hemispheric para-
limbal suction cups are connected to the patient's
eyes and to separate transducers by means of flex-
ible tubing (Figure 3). By using a vacuum pump, a
negative pressure of 300 mm of mercury is applied
which serves to adhere the cups to the sclerae.
The vacuum is then reduced to atmospheric pres-
sure in a linear fashion over 25 seconds. The
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Figure 3.-Oculopneumoplethysmography test being
done.

pulse pressure alterations are superimposed on
this calibrated pressure range, transmitted to the
transducers, and then visualized on a strip chart
recorder tracing, creating a pressure-dependent
deflection for each eye. At a vacuum pressure of
300 mm of mercury, a deflection recorded from
the transducer corresponds to an internal carotid
artery pressure of 110 mm of mercury28 (Figure 4).
Ophthalmic artery pressures assessed by the Gee
oculopneumoplethysmography method average
70 percent of the simultaneously recorded brachial
artery pressure with a range of 60 percent to 95
percent. Criteria have been established for inter-
preting the results of this test that achieve a 97
percent accuracy in identifying a hemodynami-
cally significant lesion in the internal carotid
artery system. When these tests show an abnor-
mality in flow or pressure, the accuracy is such
that it can be assumed that a lesion of hemody-
namic significance exists in the internal carotid
artery system. Angiography should be undertaken,
and if the angiogram confirms the diagnosis and
further shows that the lesion is amenable to
surgical correction, this modality of therapy
should be seriously considered, for we have now
shown a smaller subgroup of the "asymptomatic
bruit" population-that is, those with an asymp-
tomatic hemodynamically significant lesion. Al-
though never studied in great detail, intuitively it
can be assumed that we are dealing here with
patients who are at highest risk of sudden stroke
(Figure 5).

Transient Ischemic Attacks
Transient ischemic attacks or little strokes

occur frequently among older persons, generally
carrying a dire prognosis29-31 (Figure 6). Because
the symptoms are usually quite characteristic,
they tend to be readily diagnosed.32 Amaurosis
fugax-or painless, transient, monocular blind-
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ness-is a typical symptom, often described as a
"shade coming down over one eye" or a "shutter
closing," first graying the vision, then leading to
total blindness, after which vision usually returns
within 30 to 60 seconds. This symptom is one of
the pathognomonic indicators of carotid artery
disease.33 A variable number of persons in this
group will experience recurrent attacks and then
progress to complete monocular blindness with
retinal ischemia and infarction. The incidence of
subsequent cerebral hemispheric stroke is about
the same in this type of symptom complex as for
other types of transient ischemic attacks. In a
study of 70 such patients, 96 percent of the angi-
ograms indicated atherosclerotic lesions at the
appropriate carotid bifurcation.83 In a similar age
group, asymptomatic irregularity at the carotid
bifurcation could be expected in about 25 percent
of patients.38 Episodes of transient ischemia are
usually manifestations of an ulcerating, emboliz-
ing atherosclerotic plaque. Although attacks of
retinal ischemia have been attributed to a known
cardiac embolic source in 10 percent to 12 per-
cent of cases, focal cerebral ischemia is uncom-
mon from a cardiac source.

In addition to amaurosis fugax, a wide spec-
trum of transient neurologic dysfunctions develop,
referred to as TIA'S (transient ischemia attacks).
Among the most typical are unilateral weakness,
paresthesias or sensory loss, usually lasting a few
minutes but occasionally persisting up to 24 hours
and involving either the arm or the leg. Intermit-
tent difficulty in speech or written communication
as well as intermittent severe ataxia or severe
episodic double vision are also frequent manifes-
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tations of transient cerebral ischemia. Episodic
dimness of vision or bilateral loss of vision with
recovery over 2 to 30 minutes is often reported.

Occasionally the syndrome resembles the dis-
tribution of a specific arterial supply. These should
be recognized even though the anatomic site of a
lesion cannot be predicted on the basis of the
symptom complex. Through the years this dis-
quieting observation has caused considerable con-
fusion. Middle cerebral artery symptoms tend to
result in a hemiplegia, hemihypesthesia, hemi-
anesthesia, or homonymous hemianopia. Aphasia,
dysphasia, and hemiparesis also signify middle
cerebral artery transient ischemia attacks. An-
terior cerebral artery symptoms usually present
as weakness of the lower extremity (but not of
the upper extremity). Mental changes may range
from mild to frank dementia, dyspraxia and
apraxia. Vertebrobasilar symptoms typically ac-
company abnormalities of motor function such
as weakness, clumsiness or paralysis of one or
more extremities up to and including quadriplegia.
Vertigo, nystagmus, and bilateral sensory or motor
loss associated with palsies of cranial nerves three
to nine are also indicative of vertebrobasilar in-
sufficiency. In addition, bilateral homonymous
hemianopia, ataxia, imbalance, unsteadiness and
disequilibrium are frequently seen in attacks of
vertebrobasilar insufficiency.

Although the symptoms may be typical of a
particular arterial distribution, it should be re-
iterated that anatomical localization on the basis
of symptom complex alone is apt to be mislead-
ing. In one cooperative study, 57 percent of the
patients thought definitely to have vertebrobasilar
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Figure 4.-Oculopneumoplethysmographic wave
tracing on a 57-year-old patient showing (above)
a hemodynamically significant lesion in the right
internal carotid artery that caused recurrent at-
tacks of transient left hemiparesis, and (below) a
normal wave pattern after internal carotid endar-
terectomy, which was followed by relief of symp-
toms. The sloping line between the two tracings
indicates the decline in vacuum In the scleral
cups. The point on the slope at which the pres-
sure wave first appears can be used to calculate
the ophthalmic artery pressure by use of the
analogue ruler on the left-hand side of the tracing.
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Composite Picture of the Natural History of the
ASYMPTOMATIC CAROTID BRUIT

(100 patients)

STABLE STROKE A
24% 51% 25%

Stable Disabled Death Stroke Stable
24% 15% 16% 20% 15% 10%

Figure 5.-Probable outcome of an asymptomatic ca-
rotid bruit (composite picture from several epidemiologic
studies).

ComposIte Picture of the Natural History of the
TRANSIENT ISCHEMIC ATTACK

(100 patients)

STABLE STROKE DEATH
30% 40% 30%

| primarily cardiac
Stable Disabled Death l

30% 7% 21% 12% 30%

Figure 6.-Probable natural history of a cerebral tran-
sient ischemic attack.

transient ischemic attacks were angiographically
shown to have only unilateral or bilateral carotid
lesions.'5 In the evolution of the atherosclerotic
lesion, one or more of various collateral pathways
may develop. The ischemic symptoms may occur
in the anatomic site closest to the lesion, or
farthest from the lesion if stenosis develops in
the collateral artery supplying the distribution of
an occluded vessel.

Several other important clinical features of
transient ischemic attacks become evident through
epidemiologic studies. An aspect of transient is-
chemic attacks which has proven to be equally as
disconcerting as the problem of anatomical local-
ization is the inability to ascribe the symptom
complex to a specific type of occlusive lesion. An
ulcerated, embolizing, but nonobstructing plaque,
a stenotic hemodynamically significant plaque and
a totally occluded internal carotid artery may all
present with the same symptom complex.8' We
have observed patients evolve through docu-
mented ulcerated plaque embolization, stenosis
and then occlusion without change in the charac-
teristics of the TIA.22 About 25 percent of patients
with carotid transient ischemic attacks will have a
totally occluded vessel on the appropriate side at
the time of initial investigation. Patients in whom
a total occlusion of the carotid artery develops
during the period of observation will have a 33
percent chance of continuing to have transient
ischemic attacks in the same distribution.
One fact, however, remains fairly consistent:

when any of the symptom complexes are encoun-
tered, there is a high probability that a lesion will

be found in the extracranial cerebrovascular sys-
tem. Although, as previously noted, attacks of
retinal ischemia have been attributed to a known
cardiac source of emboli (in 10 percent to 12
percent of the cases), focal cerebral ischemia is
uncommon from cardiac embolization and ex-
tremely uncommon in cardiac dysrhythmia.85 Epi-
sodes of cardiac dysrhythmia are far more likely
to result in transient episodes of dizziness or
syncopy than the focal characteristics of carotid
embolization.86

Unquestionably, the natural history and the im-
plication for development of stroke are the most
important issues in dealing with a patient having
transient ischemic attacks. The attacks per se
usually prove to be inconsequential, and informa-
tion about them often can be elicited in history-
taking when a patient presents with a completely
unrelated problem.18,19,29
A number of epidemiologic studies have shed

light on the fate of patients with attacks of tran-
sient cerebral ischemia, and although they vary,
depending on the type of population surveyed and
the associated risk factors encompassed by that
population, a fairly consistent pattern is readily
discernible. In one study, for example, more than
60 percent of patients with transient ischemic at-
tacks progressed to a completed stroke within a
mean period of 4.6 years.4'31 In a multicenter
study reported by Fields, strokes occurred in 18
percent of the patients within the four-year ob-
servation period.37 Two other important risk in-
dicators were identified. First, in patients over 65
years of age, 50 percent went on to stroke or
further episodes of transient cerebral ischemia
during this short follow-up period. Second, in
patients who had a single transient ischemic at-
tack there was a 14 percent incidence of subse-
quent stroke, whereas those with multiple tran-
sient ischemic attacks had a 45 percent incidence
of stroke within the same observation period.87
In one of the most carefully controlled epidemi-
ologic studies, encompassing a relatively stable
population in Minnesota that was followed over
a 20-year period,38 frank hemiplegic stroke oc-
curred in 36 percent of the patients during the
period of observation. In 51 percent of these
patients the neurologic event occurred in the first
year, and in 21 percent during the first month.
This represented more than 15 times the antici-
pated stroke occurrence in an age-matched popu-
lation.

That a person with a transient ischemic attack
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is at high risk for stroke seems beyond ques-
tion.'7'39 An evaluation of such a patient is pred-
icated on the need to establish the diagnosis
beyond reasonable doubt and establish the loca-
tion of the lesion anatomically. If, as in most
instances, the lesion is situated at the carotid
bifurcation, it is important to establish whether
the lesion is a nonobstructing but embolizing
plaque, or an obstructing, hemodynamically sig-
nificant lesion. Examination of the carotid pulses
and auscultation for bruits are essential, inasmuch
as the site of origin of the transient ischemic
attack and the bruit correlate in 60 percent of the
cases.40 Noninvasive pressure and flow tests of
cerebrovascular function are useful in localizing
the lesion, helping to interpret the angiogram
when multiple lesions are present, and enabling a
follow-up evaluation of the patients whether they
are treated medically or surgically. If the nonin-
vasive studies do not indicate a hemodynamically
obstructing lesion, it is likely that an embolizing
plaque is present and the patient may benefit from
antiplatelet therapy. Although determining the
precise anatomic location is not necessary for ef-
fective antiplatelet therapy, it has been our prac-
tice to advise angiographic investigation in all
patients with transient ischemic attacks in order
to ascertain the status of the cerebral vascular
circulation before instituting either medical or
surgical therapy.

Concomitant with the evolution of diagnostic
tests to assess the prestroke lesions more accu-
rately has come the development of new, highly
effective prophylactic medical regimens.

Medical Therapy
Medical therapy has a long history encompass-

ing carefully controlled clinical trials and sporadic
reports of anecdotal experience.41-45 The benefits
of reducing hypertension, decreasing hyperlipi-
demia, and controlling diabetes with -diet or in-
sulin are manifold; reduction in stroke risk is
only one of the benefits. Anticoagulant therapy
has undergone considerable trial, and although it
has achieved great benefit in protection from em-
bolization of cardiac origin, valvular disease, atrial
fibrillation and prosthetic valves, there has been
no success in treating thromboembolic stroke
from other causes. Moreover, significant mor-
bidity and mortality have ensued as a result of
hemorrhagic complications.42'45 46 The recognition
that embolization of platelet aggregates represents
the prevailing cause of transient ischemic attacks

and stroke has focused attention on the possibili-
ties of antiplatelet therapy.47-52 Platelet aggregates
form the chief thromboembolic material in the
arterial circulation and have been shown in the
cerebral circulation subsequent to TIA and stroke,
as well as in the retinal circulation following epi-
sodes of amaurosis fugax.34"51-54 In atherosclerotic
disease of the extracranial cerebrovascular system,
ulcerations of the diseased intima can frequently
be shown, particularly in areas of turbulence
such as the carotid bifurcations.55 At the time of
operation in cases of recurrent transient cerebral
ischemia attacks, these ulcerations have been seen
to contain fresh clumps of platelet aggregates.51'55
Even in occlusive lesions, ulcerations can be seen
distal to the stenosis where the jet of blood strikes
the intima, and normal laminar flow is disorgan-
ized. It is likely that even in stenotic hemody-
namically significant lesions many episodes of
transient cerebral ischemia are secondary to em-
bolization rather than to transient interruption of
cerebral perfusion.
When intimal ulceration develops, collagen

fibers of the arterial media are exposed. Collagen
is a potent platelet aggregating agent, both in vivo
and in vitro. Platelets coming in contact with ex-
posed collagen undergo a change in the cell sur-
face membrane which causes the platelets to ad-
here to the collagen substrate and leads to platelet
degranulation, releasing platelet factors into the
surrounding blood. This "release reaction" of the
platelets is followed by further platelet aggrega-
tion and augmentation of the release reaction,
much as the cascade effect of blood coagulation
accelerates thrombosis in the venous circulation.
Although the platelet aggregate is stabilized by
fibrin, the shear forces of the blood are such that
fragmentation and embolization are characteristic
sequelae; with the cycle of embolization, exposure
of collagen, reaggregation of platelets and then
reembolization forming a typical clinical cycle.
As platelet aggregation and release take place,
the granules release vasoactive amines and other
coagulation substrates into the surrounding blood.
Prostaglandin biosynthesis is initiated, and this
results in the synthesis of thromboxane A2 which
is both a potent aggregating agent and the strong-
est naturally occurring vasoconstricting amine.
Although quite labile, with a half-life of 32
seconds, this factor is probably most important
in generating a transient ischemic attack when the
area of transient ischemia (such as the middle
cerebral artery distribution) tends to be out of
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proportion to the probable size of the embolizing
aggregates, and indeed, angiographic evidence of
major vascular obstruction is rarely obtained.
The effect of thromboxane A2 on the cere-

brovascular system has been well shown, and
although it is an effective constrictor of both coro-
nary and renal arteries, its effect is greatly aug-
mented on cerebral vessels. For example, throm-
boxane A2 has been shown to be at least ten times
more powerful than 5-hydroxy-tryptamine or
PGF2 alpha on the cerebral vessels. Under experi-
mental conditions, thromboxane B2, the metabolic
product of thromboxane A2, is found in large
quantities in brain tissue after vasospastic epi-
sodes, suggesting that thromboxane A2 may also
be produced intracerebrally.56
The biochemical reactions involved in this

process have been carefully documented47'57-59
(Figure 7). When platelets come in contact with
collagen, phospholipids in the platelet membrane
are acted upon by phospholipase, producing arach-
idonic acid. The reaction of arachidonic acid to
the cyclic endoperoxides, PGG2 and PGH2 is medi-
ated by a cyclooxygenase, prostaglandin synthe-
tase. The cyclic endoperoxides are further metab-
olized to thromboxane A2, and thence to the
stable end-product, thromboxane B2. The endo-
peroxides also proceed to form PGE2, PGF2 alpha,
and PGD2.59 Review of these metabolic pathways

is critical to understanding the appropriate medi-
cal therapy and the action of various drug proto-
cols. Of the known pharmacologic agents that
affect platelet function, acetylsalicylic acid, dipy-
ridamole and sulfinpyrazone have been given
extensive clinical trials.2'43'47-52'57'58'60 Aspirin has
a specific effect on the platelet because it acts to
acetylate the cyclooxygenase which mediates the
conversion of arachidonic acid to the cyclic en-
doperoxides which are the prostaglandin precur-
sors. Once a platelet's membrane cyclooxygenase
is acetylated, the platelet ceases to function nor-
mally for the duration of its circulatory life. The
reaction is irreversible, and it is therefore possible
with one dose of aspirin to acetylate the cylo-
oxygenase of all of the circulating platelets, which
have an average life span of ten days. Platelet
function will then return to normal at the rate of
10 percent each day. In an average patient, a dose
of 10 grains of aspirin will effect this acetylation,
although there is some variability that can best be
assessed by platelet function tests such as collagen
and epinephrine-stimulated aggregation.47 Sulfin-
pyrazone is a reversible, competitive inhibitor of
cyclooxygenase activity and its effects can be
overcome by strong aggregating stimuli which
can then generate high concentrations of arachi-
donic acid. The effect of dipyridamole is to raise
cyclic adenosine monophosphate stabilizing the
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platelet membrane, and interfering with platelet
aggregation and the release reaction. The effect
of dipyridamole lasts a maximum of four to six
hours, after which platelet function returns to
normal.

Early reports of the United States Multicenter
studies on the effects of aspirin on cerebral ische-
mia are now available for analysis.48'6' When the
endpoints of stroke or death were considered,
there was unfortunately no significant difference
between the groups that took aspirin and the
group that had the placebo. If certain subgroups
are separated out, however, important informa-
tion regarding the therapy of transient ischemic
attacks may be obtained. There was substantial
protection from stroke and death if the groups
were subdivided into those that had an "appro-
priate" lesion compared to those who had an
"inappropriate" lesion. When an ulcerated plaque
occurred in the vessel supplying the symptomatic
hemisphere, there was a 13.8 percent incidence
of stroke or death in the aspirin-treated group
compared with a 43.1 percent incidence of stroke
or death in the group taking the placebo, a statis-
tically significant difference. If the lesion was
inappropriate-for example, carotid occlusion
where embolization is unlikely-there was a 35
percent incidence of stroke or death in the aspirin-
treated group compared with a 47 percent inci-
dence of stroke or death in the group receiving
placebo, a difference having no statistical signifi-
cance. The authors pointed out that when the
patients were retrospectively stratified into groups
with carotid lesions appropriate to the presenting
symptoms and groups having no appropriate
anatomic lesion or complete occlusion of the
appropriate artery, significant differences can be
found. Where lesions appropriate to the present-
ing symptoms were identified, there was a statis-
tically significant reduction in the incidence of
death, tonfatal cerebral infarction and retinal
infarction in the aspirin-treated group. The au-
thors' conclusions are pertinent to the therapy
of TIA'S:
This serves to emphasize the importance of patient selec-
tion if platelet antiaggregant therapy is under considera-
tion. Patients in the study who had no lesion or an occlu-
sion of the carotid artery on the side appropriate to their
symptoms were not, as a group, benefited by aspirin
therapy.48

The change in the incidence of transient ischemic
attacks after instituting aspirin therapy is addi-
tionally important. In 55.8 percent of the patients
in the placebo group, there was a reduction in

frequency of transient ischemic attacks or no
furtner attacks occurred. In the aspirin-treated
group there was an 80.8 percent reduction in the
frequency of or complete ablation of transient
ischemic attacks. The hazard underlying this ob-
servation is that transient ischemic symptoms can
be masked in a patient in whom there is a pro-
gressing stenotic lesion which will nevertheless
result in a thrombotic stroke. Therefore, careful
surveillance should be maintained in patients who
are treated with antiplatelet regimens to make
sure that the ulcerated lesion does not progress
to one of hemodynamic 'significance, in which
case it sh'ould be treated surgically before throm-
bosis occurs. Indiscriminate treatment of patients
with aspirin or other antiplatelet drugs may have
undesirable sequelae, inasmuch as the interference
with prostaglandin synthesis also blocks the for-
mation of prostacyclin, a potent vasodilating agent
with strong antiplatelet actions, produced by
vascular endothelial cells. Prostacyclin prevents
platelet adhesion and thrombosis on normal ar-
terial endothelium. In a Canadian multicenter
study covering 51/2 years, aspirin in a dose of
1,300 mg per day was found to protect men in
whom transient ischemic attacks had occurred
from subsequent stroke or death.'2 The Canadian
study analyzed 585 patients who had transient
ischemic attacks and were randomly allocated
into four treatment groups, each of which took
one of the following: placebo, aspirin, aspirin
with dipyridamole, or dipyridamole alone. A 31
percent reduction in stroke or death was achieved
in the aspirin-treated group when compared with
the placebo-treated group. In males, however,
there was a 48 percent reduction in the risk of
stroke in the aspirin-treated group. Dipyridamole
in combination with aspirin, or dipyridamole
alone seemed to confer no additional benefit.
However, no benefit was found for female pa-
tients in the aspirin-treated group or those in the
drug-combination groups.

Surgical Therapy
The surgical treatment of stroke dates back to

the 1954 report by Eastcott, Pickering and Rob
describing a patient with intermittent attacks of
hemiplegia who was treated by reconstruction of
the internal carotid artery.62 From that first suc-
cess, the operation of internal carotid endarterec-
tomy has been widely applied and there are
abundant reports in the literature to judge its
efficacy and assess its appropriateness.
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It has become quite evident that carotid en-
darterectomy is inappropriate in the treatment
for an acute stroke or for the relief of a fixed or
evolving neurologic deficit. Disobliteration of an
already thrombosed internal carotid artery is like-
wise usually ineffective. However, when a hemo-
dynamically significant obstructing lesion, or an
ulcerating plaque, is encountered which remains
symptomatic despite adequate medical therapy,
or when a successfully treated ulcerated plaque
progresses to the point of hemodynamic obstruc-
tion, carotid endarterectomy provides an effective
treatment modality. Although relatively simple,
safe and effective, this procedure nevertheless
demands meticulous operative technique and
familiarity with the myriad problems associated
with cerebrovascular disease. Analyzing the re-
sults of carotid endarterectomy can be a fascinat-
ing adventure into the realm of surgical com-
petence. The individual variations often hidden
in multicenter trials are easily discerned in the
multiple individual and large center results which
have been individually published.63 Morbidity and
mortality rates range from none to a high of 25
percent, a rather disconcerting spread, indicating
that when surgical correction of these lesions is
contemplated, a specialized vascular surgical fa-
cility be chosen with care.
The surgical therapy of stroke is prophylactic

and therefore depends largely on diagnostic con-
fidence and thorough knowledge of the epidemi-
ology of asymptomatic bruits and transient ische-
mic attacks. In treating patients with asymptomatic
occlusive lesions or transient ischemic attacks,
the operation can be carried out with an operative
mortality less than 1 percent and morboidity less
than 0.5 percent.'6 In a series encompassing over
2,000 patients reported by Rob on a subgroup
of 103 patients followed for more than five years,
83 percent remained asymptomatic, one patient
died within 30 days of operation, an additional
five patients died from strokes and 25 patients
died as a result of myocardial infarction during
the follow-up period.64 Incidence of transient
neurologic deficit in this group was 3 percent.
Thompson, reporting on over 1,000 patients dur-
ing a 19-year period, indicated an operative mor-
tality of 1.5 percent, which could be subdivided
into an operative mortality of 4.2 percent for
frank strokes (a condition for which carotid en-
darterectomy is no longer recommended), a mor-
tality of 0.8 percent for patients with transient
ischemic attacks, and no mortality for those with

asymptomatic carotid bruits. In 0.7 percent of
cases there was some permanent neurologic defi-
cit postoperatively. In the patients with unilateral
stenotic lesions and contralateral occlusion, there
was no mortality and only a 0.8 percent incidence
of neurologic deficit.'6

In patients with transient ischemic attacks on
the ipsilateral side to a complete internal carotid
artery occlusion, the presence of stenosis at the
external carotid artery orifice must be investi-
gated. The ipsilateral external carotid artery is a
major collateral pathway in the presence of in-
ternal carotid artery occlusion and contributes
significantly to cerebral perfusion. In a patient
who has an asymptomatic internal carotid artery
occlusion, transient ischemic attacks may begin
to develop in that hemisphere when a stenotic
plaque develops at the external carotid artery
orifice; in a significant number of cases the symp-
toms will be alleviated by external carotid en-
darterectomy.

Analysis of the data published on the United
States Multicenter Trial of aspirin therapy in
cerebral ischemia provides valuable information
regarding anticipated benefits from medical and
surgical therapy. Relatively homogeneous groups
were treated at large medical centers where the
emphasis was on competent treatment of cerebro-
vascular disease.4861 In patients assigned to the
medical therapy arm of the protocol, a 20-percent
incidence of stroke or death occurred within six
months of entry into the study, whether the pa-
tient was given aspirin or a placebo. Of the 178
participants in that group, 25 had had a throm-
botic stroke (14 percent); in 18 of these patients,
the stroke occurred on the same side as the
original symptoms (10 percent of the entire
group). Looked at another way, 72 percent of
the patients who had a stroke during the study,
regardless of whether they were receiving aspi-
rin or placebo, had the stroke on the side of the
symptomatic lesion. In all of these patients, an-
giographic evaluation had been carried out. Of
130 patients who were assigned to the surgical
arm of the protocol, 16 died within two years of
follow-up, irrespective of whether the patient was
taking aspirin or placebo, a mortality rate of 12.3
percent. Strokes occurred in ten patients (7.6
percent), three of these occurred on the operated
side (30 percent). Unfortunately, no strict criteria
were developed or adhered to when selecting pa-
tients for surgical or medical therapy, inasmuch
as the study was designed to assess the effect of
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aspirin versus placebo regardless of antecedent
therapy. Allocation to surgical therapy and then
the treatment protocol was made by the medical
and surgical consultants of each medical center.
There is, however, a striking difference between
the two groups in the overall incidence of stroke
(7.6 percent compared with 14 percent). This
further underscores the need to assign patients
carefully to the proper treatment regimen at the
outset, reassessing their progress and modifying
the treatment program if the results are unsatis-
factory.65
A new operative approach has greatly increased

the potential number of patients who may benefit
from correction of cerebrovascular obstructive
disease. These are patients whose cerebral circula-
tion is seriously compromised owing to obstruct-
ing lesions that are considered inaccessible to
direct surgical correction: (1) patients having
transient hemispheric ischemic attacks with oc-
cluded ipsilateral internal carotid artery and a
normal or enlarged external carotid artery with-
out stenosis, (2) patients having transient ische-
mic attacks with stenosis of the intracranial in-
ternal carotid artery, particularly at the area of
the carotid siphon and (3) patients having
transient ischemic attacks with stenosis of the
middle cerebral artery. The microvascular anas-
tomosis of superficial temporal artery to middle
cerebral artery originally reported by Yasargil66
bypasses the entire internal carotid artery, aug-
menting the usual external to internal carotid
artery collateral channels by direct anastomosis
of the normal external carotid artery system, into
the intracranial circulation by way of the middle
cerebral artery. As experience with this procedure
increases, its safety and effectiveness appear to
improve and become better established. Of the
patients with patent anastomosis, 80 percent have
been reported free of symptoms, and the early
occlusion rate is about 10 percent.f67 This opera-
tion is currently undergoing a multicenter trial.

Summary
Stroke is a prevailing cause of serious morbidity

and mortality in the entire Western world. Its
cost to patients and society makes it one of the
most devastating illnesses suffered by mankind.
Although the means of modifying the course of
events once the stroke occurs still remain elusive,
we have achieved progress in identifying and treat-
ing stroke-prone patients. Patients with asymp-
tomatic cervical bruits as well as those having

transient ischemic attacks represent a particularly
high-risk group for stroke. In a patient with an
asymptomatic cervical bruit, noninvasive cere-
brovascular testing should be done, and if the
tests show a high likelihood of a hemodynamically
significant lesion in the internal carotid artery sys-
tem, angiography should be carried out to define
the anatomic position, extent and character of
the lesion so that a rational therapeutic protocol
can be planned. If there is an ulcerated, nonob-
structing lesion in a male patient, therapy should
be instituted with aspirin or aspirin combined with
persantin. Unfortunately, no satisfactory medical
therapy has yet been shown for female patients.

Patients who are managed medically should be
carefully watched and reevaluated at six-month
to yearly intervals to ascertain whether the bruit
has altered in character or whether the nonin-
vasive tests indicate hemodynamic change. It is
important to realize that adequate medical therapy
can mask symptoms in a lesion that may be pro-
gressing to occlusion, and if this occurs surgical
intervention should be undertaken. In patients
with documented transient ischemic attacks, base-
line noninvasive tests should be done so that
therapy and progress can be carefully followed up
without requiring repetitive angiography. How-
ever, initial angiography is highly useful in this
group of patients, regardless of the type of therapy
employed. The patient's case is then followed at
six-month to yearly intervals, depending on the
clinically assessed aggressiveness of the general
atherosclerotic process. If the noninvasive tests
indicate signs of hemodynamic change, operative
intervention should be contemplated. If transient
ischemic attacks occur, platelet function studies
should be repeated, and if platelet function has
not altered, the patient should be reinstructed in
drug compliance and the dosage increased. If
transient ischemic attacks persist despite adequate
platelet suppression, operative intervention should
be planned, even in cases of nonobstructing ulcer-
ated plaque.55,68

If the lesion is stenotic, and if it is greater than
60 percent of the cross-sectional diameter and
surgically accessible, it should be treated oper-
atively. If an obstructing lesion is found, success-
ful operative correction of the lesion will provide
the best protection against stroke. Patients with a
completed stable stroke whose function has sig-
nificantly improved but who have an extracranial
cerebrovascular lesion should be treated as de-
scribed above, depending on the nature of the
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lesion. Although no improvement in the com-
pleted stroke is likely, the risk of a new stroke is
so high that it jeopardizes the earlier recupera-
tion.39

Substantial progress will undoubtedly be made
with respect to noninvasive diagnosis and medical
therapy, as well as evaluation of newer operative
techniques such as the middle cerebral artery to
superficial temporal artery bypass. Nevertheless,
we now have tools to begin controlling this diffi-
cult problem. Our next step must take us beyond
investigation and clinical trials to widespread,
intelligent application of the diagnostic and thera-
peutic principles that have been established.
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